Additive manufacturing is rapidly developing and gaining popularity for direct metal fabrication systems like selective laser melting (SLM). The technology has shown significant improvement for high-quality fabrication of lightweight design-efficient structures such as conformal cooling channels in injection molding tools and lattice structures. This research examines the effect of cellular lattice structures on the strength of workpieces additively manufactured from ultra high-strength steel powder. Two commercial SLM machines are used to fabricate cellular samples based on four architectures-solid, hollow, lattice structure and rotated lattice structure. Compression test is applied to the specimens while they are deformed. The analytical approach includes finite element (FE), geometrical and mathematical models for prediction of collapse strength . The results from the the models are verified with experimental data and it is shown that they agree well. The results from this research show that using lattice structures significantly reduces the strength of material with respect to solid samples while indicating no serious increase of strength compared to hollow structures. In combination with an analysis of microstructures, a description of strength analysis is obtained with respect to process parameters.
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This defines AM as a process of joining materials to make objects from 3D model by SLM procedure from ultra-high strength steels in powder form, which is ideal 28 for tooling applications such as punching and injection molding [5] . Therefore, 29 if an alternative to manufacture of tools can be developed using cellular-lattice-30 structured concept and AM to reach a lightweight structure, there is the poten-31 tial to significantly improve tooling efficiency by decreasing both the material 32 and manufacturing cost. Furthermore, achieving this goal decreases the pro-33 duction time of workpieces produced by the molds in high-speed applications 34 such as micro cold forming [6, 7] due to the lighter tooling system causing lower 35 maintenance due to longer tools' lifetime . 36 Beginning in the late 2000s, researchers began investigating how lattice-37 structured materials affect the mechanical properties of metallic cellular solids [8] . 38 As this research has progressed, it has been found that a vast number of mate- The main aim of this study is to obtain an insight into using cellular lat- The compression strength is the significant parameter obtained from the 244 curves, since the main purpose of the structures is to be utilized in tooling 245 application and the plastic deformation has no benefit for tools. Therefore, the 246 average yield stresses derived from the curves along with one standard deviation 247 at this point are listed in Table 3 for Laser 1 and Laser 2. (Table 3) .
268
In examining the graphs, significant reduction of the strength is found to of the yield stress. The graph also reveals that the FEA obtained sufficient 283 results for strength analysis. From data analysis, the yield stresses were found 284 as listed in Table 4 . The analysis clearly shows the reduction of yield stress 285 corresponding to 46.2% and 41.0% for hollow and ST samples respectively.
286
To evaluate the mesh quality of simulations, mesh-sensitivity analysis was 287 performed on the structures to realize the effect of element size on the collapse 288 strength. The minimum element size was refined for each structure. Table 5 289 
Minimum cross-section 296
However, meshing procedure and simulation of the 3D lattice structures are 
332
This method is also useful for approximate analysis of closed-cell structures 333 in the early stages of design where needed to decide. 
